Oxidative damage to DNA generates aberrant guanine bases such as 2,6-diamino-4-hydroxy-formamidopyrimidine (Fapy) and 7,8-dihydro-8-oxoguanine (8-oxoG). Although synthetic oligonucleotides containing a single 8-oxoG have been widely used to study enzymatic processing of this lesion, the synthesis of oligonucleotides containing Fapy as a unique lesion has not been achieved to date. In this study, an oligonucleotide containing a single 2,6-diamino-4-hydroxy-5-(N-methyl)formamidopyrimidine (me-Fapy, a methylated derivative of Fapy) was prepared by a DNA polymerase reaction and the subsequent alkali treatment. The repair activity of Fpg and hOGGl proteins were compared using oligonucleotide substrates containing me-Fapy and 8-oxoG.
Introduction
Reactive oxygen species generate a variety of oxidative lesions in genome. 7,8-Dihydro-8-oxoguanine (8-oxoG) and 2,6-diamino-4-hydroxyformamidopyrimidine (Fapy) are major oxidative lesions derived from G (Fig. 1) . The repair and replication of DNA containing 8-oxoG have been extensively studied using oligonucleotide substrates containing 8-oxoG as a unique lesion. 8-OxoG in templates directs misincorporation of A during DNA replication, resulting GC to TA transversions. In cells, a repair mechanism refered as a "GO system" prevents these mutations. 1 In E. coli, Fpg protein excises 8-oxoG from 8-oxoG:C pairs and MutY protein excises misincorporated A from 8-oxoG:A pairs. In addition, MutT protein degrades the deoxyribonucloside 5'-triphosphate of 8-oxoG formed in the nucleotide pool. In eukaryotic cells, homologues of these three repair enzymes have been identified. The human functional homologue of Fpg was designated as hOGGl/MMH and has been demonstrated to remove 8-oxoG from 8-oxoG:C pairs but not from 8-oxoG:A pairs (reviewed in Ref. 2) .
In contrast, the biochemical aspects of repair and replication of DNA containing Fapy have been much less clarified due to lack of the method to specifically introduce this lesion into DNA or oligonucleotides. It is known that 7-methylguanine (m 7 G) can be converted to an Nmethylated derivative of Fapy (me-Fapy) by alkali treatment (Fig.l) . In this study, we prepared an oligonucleotide containing me-Fapy by incorporation of 7-methyl-2'-deoxyguanosine 5'-triphosphate (m 7 dGTP) with DNA polymerase, followed by conversion to me-Fapy under alkali conditions. The repair activities of Fpg and hOGGl for me-Fapy were elucidated using this substrate and further compared to that for 8-oxoG. 
Results and Discussion
The oligonucleotide containing me-Fapy was synthesized by a DNA polymerase reaction and subsequent alkali treatment. m 7 dGTP, a precursor of me-Fapy, was incorporated at the defined position of newly synthesized DNA with E. coli DNA Polymerase I. This product was dialyzed against phosphate buffer (pH11.4) to convert m 7 G to me-Fapy. The conversion of m 7 G to me-Fapy was confirmed by enzymatic digestion with Fpg, which incised the alkali treated-oligonucleotide (meFapy) but not the untreated oligonucleotide (m 7 G). The absence of abasic sites potentially formed by depurination of m 7 G in the oligonucleotide was also demonstrated by the resistance of the treated oligonucleotide to AP endonuclease (Endo IV). These results indicated that incorporated m 7 G was converted to me-Fapy without generating detectable AP sites.
The enzymatic properties of Fpg and hOGGl were studied using the substrates containing me-Fapy and 8-oxoG at the same site. According to the enzymatic parameters (kcat/Km), Fpg and hOGGl had comparable specificity toward me-Fapy and 8-oxoG. However, the reaction efficiency of Fpg for both lesions was roughly 80-fold higher than that of hOGGl. It is known that the activity of Fpg and hOGGl for 8-oxoG is dramatically influenced by the base opposite this lesion.
Thus, paired base effects in the recognition of me-Fapy was examined. The result showed that the activity of Fpg and hOGGl for me-Fapy was virtually independent of the base opposite me-Fapy.
In a separate study, it has been also demonstrated that E. coli endonuclease HI, endonuclease VIII and mouse endonuclease III homologue (mNthl), which primarily catalyze the excision of oxidative pyrimidine lesions, also recognize me-Fapy. 4 
